particularly for applications in quantum computing and quantum communications 1 . The nitrogen-vacancy defect (NV) optical center in diamond is a particularly attractive solid state system for such applications. Its strong optical transition allows photoluminescence-based detection of single defect centers 2 . The potential of the NV center as a single photon source has been well recognized over the past few years 3, 4 . Furthermore, because of its paramagnetic spin ground state, there are applications for quantum memory and quantum repeater systems 5 .
In particular the long spin decoherence time (0.35ms), optical control of spin states [6] [7] [8] and the robustness of the spin coherence have enabled the demonstration of basic building block for quantum computing even at room temperature 9 .
Recently it was demonstrated that the permanent magnetic dipole moment of the NV center can be exploited to couple defects for a separation distance of a few nm. Whilst this demonstrates the capability for the generation of correlated quantum states in defect center clusters, coupling based on this technique will be difficult to scale to many qubit systems.
Other coupling schemes have recently been proposed which use instead their optical transition dipole moments and in some cases envisage coupling of the NV center to cavities. At the core of many such schemes is the underlying assumption that the optical transition can be tuned in resonance either with another NV center or with a cavity via an external applied field.
Therefore, the ability to tune the frequency of spin-selective optical transitions of single NV centers is of crucial importance for any scalable architecture based on diamond NV centers.
Externally controlled magnetic and electric fields are among the most prominent parameters that can be used for such control. Electric fields in particular allow for wide tuning of eigenstates. The electric field induced shift of the optical resonance lines has been observed for single atoms, ions in the gas phase 10 and single molecules 11 and quantum dots 12, 14 in the solid state. By contrast, for color centers in diamond, only a few bulk studies on electric field induced spectral line shifts have been carried out 15 . Usually these studies are difficult because the magnitude of the Stark effect is of the order of the inhomogeneous linewidth. Moreover, ensemble averaging masks the individual Stark behaviors of the defects.
The main challenge until now in using the low temperature optical excitation and emission lines of single defects is mostly related to the spectral diffusion which broadens the linewidths when the observation time exceeds the typical time interval between spectral jumps. Spectral bandwidths exceeding the lifetime-limited (transform-limited) value were reported previously on NV centers 16, 17 . The defects were imaged with a laboratory built low temperature confocal microscope. The electric field was generated using electrodes deposited on the diamond surface with 50 µm Given an excited state lifetime for the NV center of 11.5 ns 20 , the measured linewidth is determined by the time-energy uncertainty relation. To the best of our knowledge this is the first time that a transform limited linewidth has been observed for a single NV center in diamond. With a high quality factor of a few 10 7 , and the remarkable spectral stability observed for some defects without any requirements for optical repumping, these excitation lines are well suited for investigation of the Stark effect at the single defect level.
At the second order in the local electric field F acting on the defect, the Stark shift of the electronic transition is given by
where and are respectively the change in dipole moment and the change of polarizability tensor between the excited and ground states. Higher order terms are expected to arise in eq. 1 via higher order hyperpolarizabilities
However, estimation of the cubic term, related to the change in the second order polarizability χ (2) , indicates that it should be smaller than the quadratic term by a factor F/F int , where F int is the internal field acting within the defect center. Since the applied electric fields range up to a few MVm -1 in our measurements, third and higher order corrections are neglected in the Stark analysis. In order to extract the dipole moment and polarizability changes from the data, it is necessary to determine the value of the local field F from the externally applied E. Here we adopt the simplest approach using the Lorentz local field approximation
, where ε is the dielectric constant for diamond. Stark shift experiments on shallow acceptor levels of impurity levels in diamond on the other hand yield polarizability values which are one order of magnitude larger than the ones found in the present case 22 . Since for the case of the acceptors the Stark shift is quadratic in the Bohr radius of the exciton 23 , we conclude that the delocalization of the electron-hole wavefunction of the NV center is approximately three times smaller than that for shallow acceptor levels, e.g. for boron in diamond where it is around 3nm. From electron spin resonance studies 24 and quantum chemical calculations 25 it is clear that the NV wavefunction is mostly localized on the dangling bond of the three carbon atoms. However, 30% of the electron density is The second striking feature is the decrease in fluorescence intensity which was observed for some excitation lines out of a given applied field range, as seen in the inset of Fig. 1 . This observation was not found to be related to an electric field induced charge transfer process of the NV center. This was checked by monitoring the fluorescence spectrum of single defects excited at 532 nm. No signal arising from the neutral configuration of the NV center, which has a zero phonon line at 575 nm, appeared under applied field. Therefore the disappearance of the excitation lines is tentatively attributed to field enhanced non-radiative or spin cross relaxation decay channels. This may be related to a lifting of the degeneracy of the excited 3 E state and a concomitant state mixing which is explained in more detail as follows. It is known from defects in the C 3v symmetry group that an externally applied field with components orthogonal to the three fold symmetry axis of the defects, which is defined to be along z, lifts the degeneracy of the excited state 3 E level 15 . In the absence of an external field, the 3 E state dominant splitting is either caused by spin-spin or axial λL z S z spin-orbit interaction 26 . Neither of the two interactions causes mixing of the S z and S x,y sublevels and thus causes a change in spin projection upon optical excitation. With an electric field parallel to the three fold symmetry axis, both E orbital doublets undergo an identical shift proportional to the field strength F. This will only influence the line spectral position. In the situation where components of F are orthogonal to z, the 3 E sublevels split as ±(F x 2 +F y 2 ) ½ and get mixed. This might cause spin cross relaxation or enhanced inter-system crossing with a concomitant change in fluorescence intensity. The relevant energy scale for this to happen is the strength of the spin orbit coupling, i.e. 30 GHz 27 . The electric fields used in our experiment were able to shift the resonances by a comparable value. Hence an electric field induced state mixing is an effective mechanism for fluorescence reduction.
In conclusion, we have demonstrated that stable and Fourier-transform limited optical excitation lines were found in diamond at low temperature when the sample material was 
